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R364whether working memory training
caused a gain in reasoning ability or
simply processing speed [15]. In the
animal study [2], the biggest difference
between the training and control group
was observed on factor scores, which
were derived from a factor analysis of
scores on several different tasks.
Matzel and colleagues [2] assume the
factor scores reflect ‘general cognitive
ability’ or g: however, it has never been
clear from the human literature on
intelligencewhat g reflects. One thing is
clear: it is not necessary to assume that
there is a unitary cause of variance in g
[16]. It is therefore ambiguous as to
what Matzel and colleagues [2] are
really measuring.
The above concerns about
measurement raise further questions
about mechanism. That is, what
cognitive and neural mechanism(s) are
being trained and result in transfer?
Both the human [1] and animal [2]
studies discussed here are frustratingly
vague on this point. It seems that
a better approach to cognitive training
is to more precisely define
a mechanism and tailor measurements
and training regimens specifically for
that mechanism [17]. The constructs
working memory, fluid intelligence, and
g are simply too complex and/or vague
to derive any specific conclusions from
this work about mechanism.
Neither the work in humans [1] nor
the work in mice [2] has demonstrated
whether gains in fluid intelligence or
learning abilities are durable. That is,subjects have not been tested again,
days, weeks, or months after training.
This raises the question as to whether
the gains observed will be maintained
or if they are just transient practice
effects.
In conclusion, working memory
training experiments [1,2] have recently
caused excitement in psychology and
neuroscience and the potential link
between the human and animal
literature is fascinating. However,
concerns about the measurement of
constructs, the underlying cognitive
and neural mechanisms involved,
and the maintenance of the observed
gains should temper the enthusiasm
for now.
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DOI: 10.1016/j.cub.2010.03.001Spindle Assembly: More Than Just
MicrotubulesDo actin dynamics play an active role in mitotic spindle assembly? A new study
demonstrates that cortical actin polymerization assists with the earliest phase
of spindle pole migration.Gregory C. Rogers
During mitosis, cells assemble a
complex protein machine known as the
mitotic spindle that uses microtubules
and motors to faithfully segregate
sister chromatids and cell-fate
determinants, as well as to establish
the position of the cleavage plane [1].
These events depend upon the
accurate positioning of centrosomes,tiny organelles that nucleate
microtubule growth and organize the
spindle poles [2]. Normally, the two
centrosomes of a mitotic cell display
a series of three movements that drives
their separation and eventually
deposits them (and their attached
chromosome complements) into
separate daughter cells. These distinct
centrosome movements occur during
interphase/prophase (‘centrosomemigration’), metaphase
(‘maintenance’), and anaphase
(‘elongation’) [3]. Scores of scientists
over a span of decades have striven to
identify the precise molecular force
generators responsible for these
critical centrosome positioning events.
Because spindle assembly was
viewed as solely a microtubule-
dependent process, achieved by
a combination of microtubule
dynamics and a host of associated
motors [4], the research spotlight has
long focused on the microtubule
cytoskeleton. Indeed, this has been
best demonstrated using cell-free
meiotic Xenopus egg extracts. In this
in vitro system, spindles can assemble
and function even in the absence of
actin filaments [5]. But the work of
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Figure 1. A speculative model of centrosome migration during early Drosophila syncytial
division.
During interphase–prophase of mitotic cycles 10–13, duplicated centrosomes are attached to
cortical actin caps and separate as the caps expand. Although not shown here, actin caps are
flat during centrosome migration but eventually invaginate at NEBD after the two centrosomes
complete their migration around the nucleus, ending approximately 120–160 degrees apart
(blue arrows) [12]. This migration is driven by at least two mechanisms. In one mechanism,
cortically attached, minus-end directed cytoplasmic dynein/dynactin pulls on astral micro-
tubules [3,13]. Dynein-catalyzed centrosome separation is antagonized by the minus-end
directed kinesin, Ncd, which crosslinks and slides together antiparallel interpolar microtubule
bundles (arrows indicate the motors’ directionality) [3]. Ncd activity in this role occurs only
during mitotic cycle 13 [12]. In the second mechanism, prior to NEBD, actin caps expand by
Arp2/3-dependent actin branching and formin-dependent actin polymerization [9]. This results
in separation of the caps (green arrows) as well as their attached centrosomes. In this diagram,
these two mechanisms work cooperatively to drive centrosome migration, although further
work is needed to validate the model.
Dispatch
R365recent years has rescued the
reputation of the actin cytoskeleton by
demonstrating that in cultured cells,
the actin cytoskeleton does contribute
to spindle assembly, in addition to its
well-known role in cytokinesis. During
all phases of mitosis, centrosomes
extend astral microtubules away
from the spindle to interact with the
actin-rich cell cortex. These cortical
interactions establish the spindle’s
orientation (e.g., when building an
epithelial sheet) and its future division
plane (when establishing a symmetric
or an asymmetric division) [6,7]. In
a classic study, Rosenblatt et al. [8]
first demonstrated that non-muscle
myosin-II activity is required for proper
spindle assembly in both cultured
mammalian (Ptk2) and Drosophila
(SR2+) cells. They found that treating
cells with latrunculin to depolymerize
actin filaments or inhibiting myosin-II
prevented centrosomes from
successfully migrating to opposite
sides of the chromosome mass,
perturbing normal spindle assembly
after nuclear envelope breakdown
(NEBD). According to their model [8],
centrosomes interact with the cortex
through their astral microtubules and
locally inhibit cortical contraction.
Meanwhile, in distal regions of the cell
not associated with the centrosomes,
cortical myosin-II contracts the actin
network there. This distant contraction
pulls on and expands the cortex to
which the centrosomes are attached.
Consequently, the two centrosomes
are dragged to a full 180 degree
separation from each other, placing
them in the optimal arrangement to
guide spindle assembly. Thus,
centrosome migration after NEBD may
be achieved by grabbing and riding the
directed cortical expansion and flow
driven by actin-/myosin-II-based
cortical contraction.
In this issue of Current Biology,
Cao et al. [9] discover a new
actin-dependent mechanism that
drives centrosome migration in
early Drosophila embryos. These
researchers take full advantage of the
virtues of their experimental system to
genetically and chemically manipulate
the activities of targeted proteins and
then monitor the effects of these
treatments on centrosome motions,
spindle assembly, and cortical actin
rearrangements. During four mitotic
cycles (cycles 10–13), the nuclei of an
early syncytial fly embryo are arranged
as a two-dimensional sheet justbeneath the plasma membrane,
presenting a vista ideal for visualization
by fluorescence microscopy [10]. In
addition, the nuclei share a single
cytoplasm and so progress through
mitosis in near-perfect synchrony.
Thus, thousands of mitotic events can
be imaged by fluorescence live-cell
microscopy in genetically-manipulated
embryos, following the microinjection
of fluorescently-labeled cytoskeletal
components and/or cytoskeletal
drugs [11]. Using a battery of these
approaches, Cao et al. [9] address the
role of the actin cytoskeleton during the
earliest stage of spindle assembly,
namely centrosome migration.
After centrosomes duplicate in
mitotic cycles 10–13, each centrosome
pair rotates to a position above their
corresponding nuclei and in close
proximity to the cortex. During the
subsequent interphase–prophase
stages, the two cortically positioned
centrosomes reside just beneath a flatcap of mesh-worked actin which
expands at the time when centrosomes
begin their migration [12]. Initially,
centrosomes follow a linear trajectory
as they migrate away from one another
with hyperbolic-like kinetics, at first
separating quickly but then slowing as
they near their final destination
(w120–160 degrees apart depending
on the mitotic cycle) [3,12]. When the
nuclear envelope fenestrates (the early
embryo’s version of NEBD), then edges
of the actin cap furrow downward into
the embryo, and centrosomes attain
a full 180 degree separation.
Previous work has shown that the
cytoplasmic dynein/dynactin complex
plays a crucial role in driving this
movement [3,13]. Anchored to the
expanding actin-caps, minus-end
directed cytoplasmic dynein pulls on
astral microtubules and their
associated centrosomes to drive their
migration (Figure 1) [3,14].
Antagonizing this movement is the
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which crosslinks and slides interpolar
microtubules bundles; this activity
pulls centrosomes back together,
and thus acts as a brake for migration
(Figure 1) [3,12]. Interestingly,
inhibition of cytoplasmic dynein
eliminates the initial fast phase of
centrosome migration, but
centrosomes are still capable of
separating to roughly half their final
interpolar distance [3]. Therefore,
although a microtubule-motor
component actively drives centrosome
migration, these results argue for the
existence of a second force-generating
mechanism that shares the
centrosome-separation duties with
microtubules.
Cao and colleagues [9] show that
dynamic actin turnover in the
expanding cortical actin caps is an
additional mechanism that drives
interphase–prophase centrosome
migration in these cells. Drug-induced
F-actin depolymerization or
stabilization results in a failure in both
actin cap expansion and defects in
centrosome migration. Likewise,
disruption of either actin branching
(by mutation of Arpc1, an Arp2/3
component [15]) or formin-mediated
actin assembly (directly by mutation
of diaphanous [16] or indirectly by
injection of the RhoA inhibitor C3
exotransferase) significantly reduces
actin cap expansion as well as the
extent of centrosome migration.
Strikingly, these authors also
demonstrate that non-muscle
myosin-II is not required for
interphase–prophase centrosome
migration. This was performed by
microinjection of the Rho kinase
inhibitor Y-27632. Thus, cortical (cap)
expansion in this system is required for
centrosome migration but, unlike the
finding by Rosenblatt et al. [8], does not
require myosin-II activity. Instead, actin
dynamics appear to drive cortical cap
expansion and the migration of the
centrosomes to which they are
attached. Furthermore, the authors
demonstrate that cap expansion is
not needed for further centrosome
separation after NEBD [9], unlike in
cultured mammalian cells in which
myosin-II activity is utilized [8].
Notably, as with dynein/dynactin
inhibition, suppression of F-actin
dynamics did not entirely block
centrosome migration [3,9]. In fact,
embryos treated with latrunculin to
depolymerize their cortical actinnetwork could still partially separate
their centrosomes (a 50% reduction
relative to control). This begs the
question: what is the relationship
between cortical dynein and cap
expansion in driving centrosome
migration? Cortical dynein does
co-localize with actin in the caps
throughout cap expansion, but it is
not known whether actin disruption
displaces cortical dynein. Since
centrosomes still partially migrate
after embryos are microinjected with
latrunculin, one possibility is that
dynein localizes to the cortex in an
actin-independent manner and is
responsible for this limited movement
(Figure 1). But if latrunculin disrupts
both cortical dynein and F-actin, then
what additional unknown mechanism
is responsible for the observed
centrosome migration? Future studies
that focus on co-disruption of dynein
activity and actin polymerization
will be needed to resolve this
important issue.
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for Danger
Scout honeybees recruit other bees to visit a newly discovered food source
through the famous ‘waggle dance’. Now a new study reports that other nest
mates can induce the dancer to stop advertising, if they have experienced
danger at that location.Mandyam V. Srinivasan
Over the years, the ‘waggle dance’ of
the honeybee has come to be regarded
as a textbook example of the ability of
relatively small and simple organisms
to communicate with each other ina surprisingly abstract and symbolic
fashion [1]. When a honeybee has
discovered a new, attractive source of
nectar or pollen, she returns to the hive
and performs this dance to advertise
this discovery to her nest mates, and to
convey to them the exact position of
